Abstract-Metal-oxide (MOX) gas sensors are well-known with their high sensitivity in detecting gases. Despite of this quality, the responses of gas sensor are inclined to substantial drift effects caused by the environmental variable of the surrounding atmosphere such as temperature. The variation of temperature introduced shifts in the dynamic features of sensor resistance, and nonlinearly modified the original unique patterns of acquired response. In this paper, the initial drift in MOX gas sensors were identified from the responses of gas sensors that shifted over temperature variation. This initial drift identification is important for further analyses on drift compensation.
I. INTRODUCTION
Sensor drift is well-known as the instability of gas sensor, which relative to the changes in sensor responses that make initial statistical models for gas recognition becomes relatively useless [1] . In general, sensor drift can be attributed to two prevalent sources. First, 'first-order drift' due to the chemical and physical interaction processes of the chemical anlytes at the sensing microstructure (i.e., sensor aging, and poisoning). Second, 'second-order drift' which produced by the external and uncontrollable changes of the experimental operating system (i.e., variation of temperature and humidity) [2] .
It is important to realize that when the sensors are utilized in a real world application such as air quality monitoring [3, 4] , the atmosphere condition is surrounded by the fluctuations of environmental variables such as temperature and humidity. This variation of environmental variables can cause fluctuations to the operating temperature of the sensors, which alter the properties and the concentration of charge carriers within the grains of metal oxide surface [5, 6] .
In a constant operating current or voltage conditions, the changes in environmental variable such as temperature will cause the sensors drifting in time. This is due to the large range of temperature variation that beyond the sensors calibration range. Outside from this range of calibration would influences shifts in the dynamic features [7] . The shifted multidimensional features will distort the original unique patterns of acquired responses. This aberration will degrade the sensors accuracy and cause the estimation of contaminant concentration becomes unreliable [6] .
There are few studies in this area which investigated the sensor drift caused by environmental variables [8] [9] [10] [11] . Most of these studies emphasized the sensor drift in the perspective of mathematical analysis (drift compensation). Less emphasis is given to the mechanism of temperature influence itself that causes the drift.
In this paper, the initial drift was identified in the sensors response upon the modest changes of ambient temperature, before applying gas and in exposure of xylene. The shifted responses were underlined and emphasized theoretically based on how it is getting influenced with the variation of temperature, by delineating the characteristics of the sensor behavior towards the variation of temperature. This initial identification will provide an understanding in sensor drift phenomenon for further drift compensation study.
II. EXPERIMENTAL

A. Experimental Setup
An array of two commercial MOX gas sensors (TGS2600 and TGS2602 from Figaro USA, Inc) with a temperature sensor (LM35DZ from National Semiconductor) was used in this study. The accuracy of the temperature sensor is 0.5°C in the range of -55° to +150°C. These sensors were mounted on a stripboard, along with associated electrical components. TGS2600 and TGS2602 were supplied with 5.0 V of recommended heater voltage [12] . All of these sensors are put in a chamber of 3375 cm3 internal volume, with a fan inside to let the solvent drops evaporate easily and circulate the chamber air homogeneously. All of the sensors output were connected to ADC-20/ADC-24 Terminal Board, associated with ADC-20 Pico Data Logger to acquire the data to the PC.
B. Experiment realization
All experiments were performed in variation of ambient temperature ranging from 25°C to 31°C in step of 3°C. These temperature variations were control using a heater placed inside the chamber. The array of MOX sensors was preheated in fresh air for 1800s to remove any residuals from the previous tests and stabilize their response before sampling [11] .
There were two stages of experiment; firstly, three experiments were carried out in the range of 25, 28, and 31°C of ambient temperature before applying gas. Each experiment in this stage was carried out for 30 minutes, to able the chamber acquire a stable atmosphere. The second stage was carried out by exposing the sensors to xylene at 1 ppm of predetermined concentration. The total time for each experiment in this stage is 10 minutes.
III. RESULTS AND ANALYSIS
The electrical resistances of the sensors were measured at modest changes of ambient temperature ranging from 25°C to 31°C before applying gas. Fig. 1 show the considerable shifted electrical resistance, R a of TGS2600 (Fig. 1(a) ) and TGS2602 ( Fig. 1(b) ) measured at the time of the chamber reached stable atmosphere. From the figures, shown the resistances of both sensors were shifted to decrease with the increasing of ambient temperature within the measured temperature range. For TGS2600 in Fig. 1(a) , the measured resistance was shifted from 29.87 to 20.84 and to 18.99 kΩ at the increasing of ambient temperature from 25 to 28 and to 31°C respectively. Meanwhile for TGS2602 in Fig. 1(b) , the measured resistance was shifted from 151.91 to 25.86 and to 14.31 kΩ at 25, 28, and 31°C of the temperature increasing, respectively. The decreased of resistances were due to the changes at the properties of inter-grain contacts [1] . The increasing of temperature increased the average thermal energy of charge carriers, which leaded the carriers at the grain surface to overcome the Schottky barrier established at the grain boundaries [6] . Together with the decreasing of the number of charge carriers, the thickness of space-charge layer is decreased, and hence, lowered the Schottky barrier between the grain boundaries. This resulting in an increased in conductivity and decreased the electrical resistance of the sensors [13, 14] .
The sensitivity properties of the sensors at various temperatures were then investigated in the exposure of xylene at constant concentration level. The sensitivity of the sensors (S) were defined by the equation,
which R a is the sensor resistance in air, while R g is the sensor resistance in target gas [6] . Fig. 2 presented the sensitivity of TGS2600 ( Fig. 2(a) ) and TGS2602 ( Fig. 2(b) ) during exposure of 1 ppm xylene at 25, 28, and 31°C of ambient temperature. From the figures, the sensitivity of both sensors were shifted to decrease and reached their maximum at longer time with the increasing of ambient temperature. For example in Fig. 2(a) , the maximum sensitivity of TGS2600 at 25°C was located at seconds of 56 s. It can be seen that increasing the temperature up to 28 and 31°C shift the maximum sensitivity to a longer time, which at seconds of 65 and 79 s respectively. Meanwhile for TGS2602 in Fig. 2(b) , the maximum sensitivity shifted from seconds of 56 to 58 and to 75 s at the same range of temperature increasing. These shifts can be explained as follows: Fig. 1 . Electrical resistance of TGS2600 (a), and TGS2602 (b) at different ambient temperature before applying gas.
It is known that the mechanism of gas sensing involves the diffusion of gas through the pores of sensing surface. Upon exposure to 1 ppm xylene, the gas concentration is decreased by going inside into the porous grains. The increasing of ambient temperature promoted a condition for the gas to diffuse inside the inaccessible grains that located at the deep inside of sensing body [15] . This deep diffusion of gas increased the number of surface sites for the reaction between the gas and oxygen at the space-charge layer, and thus took a longer time for the whole reaction to be completed [16] . The increased number of adsorbed oxygen by analytes of xylene resulting in an increased in conductivity, and hence decreased the number of ratio of the electrical resistance (sensitivity). 
IV. DISCUSSION
From the results, it can be seen that at constant voltage of sensor's heater (5V) and constant concentration of contaminant (1 ppm xylene), there were significant shifts in the response of gas sensors (TGS2600 and TGS2602) over the variation of ambient temperature (25, 28, and 31°C). Those shifts of sensors response depicting the sensors were drifted as the temperature varying, and observable at the temperature differences as low as 3°C. The drifting of sensor is resulted due to the variation of ambient temperature that caused fluctuations in the operating temperature of the sensor. It can be inferred that the fluctuations of temperature altered both the population of charge carriers within the grains and the properties of the inter-grain contacts [6] . The kinetics of the gas-surface interactions are also strongly temperature dependent. Therefore, a small temperature change is sufficient enough to cause the considerable drift [1] ; and it was proven in the described results. These trends of initial drift are identical with the sensor drift described in few studies [8] [9] [10] [11] .
V. CONCLUSION AND FUTURE WORK From the work, it is obviously can be concluded that the temperature of the surrounding atmosphere could give significant effect to the production of sensor drift. The induced shifts in sensors response indicate the sensors were drifting with the variation of ambient temperature. This inflection is strongly related to the changes of the operating temperature at the sensing surface which is naturally convected with the ambient temperature from the surrounding atmosphere [13] .
The phenomenon of drift caused by environmental temperature plays a substantial impact to the decreasing of sensor sensitivity and, hence, the instability of the sensor performance [1] . Since drift will degrade the performance of sensor in remaining sensing application [7] , it is an important paramount to correct the shifted response by calibrating it with a compensation model (drift compensation).
Therefore, in future work, the focus will be pointed to the development of compensation model to compensate the drift effects that caused by temperature fluctuations. This compensation will eliminate the drift effects caused by the environmental variables and recalibrate the sensor drift, so that the sensor reliability could be enhanced.
